Abstract: This study was conducted to investigate the toxic effects of di (n-butyl) phthalate (DBP) on reproductive functions in male rabbits and the probable protective role of ginger. Twenty rabbits were divided equally into 4 groups: control group; DBP group (520 mg/kg body weight [BW] DBP orally), DBP+ginger group (520 mg/kg BW DBP and 400 mg/kg BW ginger) and ginger group (400 mg/kg BW ginger orally). Treatments were given three-times/week. After 7 wk of the experiment, DBP induced significant reduction in testis and prostate weights, serum and intratesticular testosterone concentrations, sperm counts both mass and progressive sperm motility and live sperms percentage as well as significant elevation of testicular malondialdehyde compared to control group. No significant changes were detected in epididymal weights, serum FSH and serum LH concentrations and testicular total superoxide dismutase and glutathione peroxidase activities in all treated groups. DBP induced considerable histopathological alterations in testis and to minimal extent in epididymis and prostates. Ginger treatment attenuated the significant changes to a certain extent induced by DBP intoxication in male rabbits probably due to its potential to scavenge free radicals.
INTRODUCTION
Phthalates (phthalate esters) are di alkyl or alkyl aryl esters of phthalic acid. Phthalates are synthetic plasticisers to improve product flexibility and durability. Plasticisers are mainly used as a part of building materials, home furniture, transportation, apparel, and to a restricted extent in wrapping of food and medical products (Niazi et al., 2001) . Phthalates are broadly disseminated in nature as a result of their assembling, use and transfer, as their residues enter the environment in the form of industrial sewage and effluents. They were found in the ecosystem at relatively high levels, resulting in environmental pollution (Niazi et al., 2001) . Di (n-butyl) phthalate (DBP) is one of the most widely studied phthalate esters that disturb the growth of normal reproductive organs. DBP is an endocrine disruptor, as it prevents the production and action of many hormones (O'Connor et al., 2000; Shultz et al., 2001) . Additionally, DBP induced harmful effects on the male genital system in rabbits (Rihani et al., 2015) , human testicular dysgenesis syndrome (Mahood et al., 2007) and rat phthalate syndrome, which is characterised by malformations in male genital organs, cryptorchidism, retention of nipples/areolae, and reduced anogenital distance (Lioy et al., 2015) . Several mechanisms have been reported to clear up the induction of testicular atrophy by DBP, such as the depletion of zinc (Park et al., 2002) , increased oxidative damage (Fukuoka et al., 1990; Kasahara et al., 2002; Erkekoglu et al., 2010) , alteration of vimentin cytoskeleton organisation (Kleymenova et al., 2005) , or membrane damage in Sertoli cells with concurrent sloughing of spermatogenic cells (Kleymenova et al., 2005) . A recent study demonstrated that high doses of DBP induced apoptosis in various spermatogenic cells (Ünal et al., 2016) . Oxidative stress occurs due to an imbalance between the excessive formation of reactive oxygen species (ROS) and imperfect antioxidant defences.
As a result of high polyunsaturated fat content in spermatozoa membranes, they are highly susceptible to oxidative stress induced damage (Kumar et al., 2006) . The main possible mechanism of toxicity is based on the oxidative stress (Zhou et al., 2010) . Several studies reported that DBP induced lipid peroxidation in rat testis (Wang et al., 2004 and Nair, 2015) .
Antioxidants play an important role in scavenging the damaging effect of free radicals in human and animals (Noori, 2012) . A lot of natural products have protective effects against different medication or chemically-provoked toxicities (Mansour et al., 2012; Hosseinimehr, 2014; Baiomy and Mansour, 2015) . Ginger (Zingiber officinale Roscoe, Zingiberacae) is used worldwide as a spice and an alternative medical treatment. Ginger has potential for use in the prevention and treatment of numerous diseases through modulation of biological activities (Rahmani et al., 2014) . Additionally, ginger's antioxidative (Khaki et al., 2009; Riaz et al., 2011) and androgenic properties (Kirtikar and Basu, 1991; Riaz et al., 2011) have been reported in animal models. Ginger as an antioxidant agent has the ability to scavenge free radicals and protect the cells from lipid oxidation (Farag et al., 2010) . Many studies have stated that ginger exerted a protective role against male reproductive dysfunction (Zahedi et al., 2010; Bordbar et al., 2013; Aghaie et al., 2015) . The antioxidative constituents of Z. officinale (6-gingerol and its derivatives) could enhance numerous sperm characteristics, for example, count and viability (Hafez, 2010) Hence, the main aim of this work was to investigate the possible protective impact of ginger against DBP-induced alterations of male reproductive functions in rabbits.
MATERIALS AND METHODS

Animals and treatment
Adult male rabbits aged 6-6.5 mo, weighing 3000-3500 g body weight (BW), were purchased from Faculty of Agriculture, Alexandria University. Rabbits were kept in metal cages in Pathology Department, Faculty of Veterinary Medicine, Alexandria University. Animals were fed pelleted commercial diet (88% dry matter, 23% crude protein, 15% crude cellulose, 8% crude ash, 1% calcium, 0.9% phosphorus, 0.5% sodium, 1.0% NaCl, 0.6% methionine) and had free access to water. Rabbits were adapted and kept under observation for 2 wk prior to the beginning of the experiment. Twenty rabbits were distributed equally into 4 groups (5 each): the first group was control (received 1 mL distilled water and 1 mL olive oil via stomach tube); the second group consisted of DBP-treated rabbits receiving 520 mg/kg BW di-n-butyl phthalate (Sigma Aldrich, USA). The dose of DBP was designed in rat by Paget and Barnes (1964) . The third group was DBP+ginger-treated rabbits receiving 520 mg/kg BW DBP and 400 mg/kg BW ginger simultaneously. The fourth group was ginger-treated rabbits receiving 400 mg/kg BW ginger. Ginger was purchased from Mepaco-Medi food Company (Sharkeya, Egypt). The ginger dose was selected to be used for rabbits according to Baiomy and Mansour (2015) . Treatments were applied orally by stomach tube, three times weekly for 7 wk (to cover the whole spermatogenic cycle period in rabbits). Rabbits received humane care in consistence with the animal care rules of the National Institute of Health. This study was permitted by the Scientific Research Ethics Committee, Faculty of Veterinary Medicine, Alexandria University.
Evaluation parameters
Body and reproductive organs weight changes
At the beginning of the experiment, all rabbits were ranked by equalising their initial body weights between all groups. Rabbits were weighed weekly until the end. After 7 wk, all rabbits were euthanised. Testes, epididymis and prostate (including 3 parts: proprostate, prostate, paraprostate) glands were collected for careful gross examination and weighed. In addition, an index weight (IW) of each organ=organ weight (g)/BW (g)×100 was calculated (Matousek, 1969) .
Serum hormones assay
Blood samples were collected from ear veins of all the rabbits during the 4 th and 7 th wk (before euthanasia) and kept at room temperature for 15 min for blood clotting, then centrifuged at 3000 rpm for 10 min. Then, the obtained sera were kept at -20°C until use. Serum was separated for estimation of follicle stimulating hormone (FSH) and luteinising hormone (LH) using competitive immunoassay technique (Rat ELISA kit: E12654r (LH), E06869r (FSH), CUSABIO, China). Intra-assay coefficient of variation (CV) was <15%. Briefly, 50 μL of sample/standard was incubated for 1 h with equal volume of antibody specific for LH/FSH and HRP-conjugate provided with the kit in a pre-coated assay plate. The plate then was washed twice and reaction was revealed using chromogenic substrate; optical density was then measured by microplate reader at 450 nm (Sharma et al., 2011) . Serum testosterone levels were measured using competitive immunoassay technique (Rat ELISA kit: 55-TESMS-E01, ALPCO Diagnostics, USA). Intra-assay CV was <15% and sensitivity of the kit was 0.066 ng/mL. The assay was performed by incubating 10 μL of sample/ standard with 100 μL of incubation buffer and 50 μL of enzyme-conjugate in a pre-coated assay plate. After washing, reaction was revealed using chromogenic substrate; optical density was then measured by microplate reader at 450 nm. Samples were run in one assay, eliminating inter-assay variability Estimation of testicular oxidative stress, antioxidant enzymes and testosterone levels After euthanasia of all rabbits, one testis was collected from each animal and kept frozen at −70°C until analysis. One gram of testis was homogenised in 9 volumes of phosphate buffer saline and then centrifuged at 3000 rpm for 15 min. The supernatant was separated off and used for assessment of lipid peroxidation (LPO) content. LPO was evaluated as malondialdehyde (MDA) and measured spectrophotometrically based on the reaction with thiobarbituric, following the technique described by Placer et al. (1966) . Glutathione peroxidase (GPx) activity was measured in the testicular tissue using the technique stated by Paglia and Valentine (1967) . Determination of testicular total superoxide dismutase (SOD) was performed according to the method described by Marklund and Marklund (1974) . LPO, GPx and SOD were estimated using commercial kits purchased from Bio-diagnostics Company, Cairo, Egypt. Intratesticular testosterone (ITT) was estimated according to Demetrious (1987) using competitive immunoassay technique (Rat ELISA kit: 55-TESMS-E01, ALPCO Diagnostics, USA). Intra-assay CV was <15% and sensitivity of the kit was 0.066 ng/mL. The assay was performed by incubating 10 μL of sample/standard with 100 μL of incubation buffer and 50 μL of enzyme-conjugate in a pre-coated assay plate. After washing, reaction was revealed using chromogenic substrate; optical density was then measured by microplate reader at 450 nm. Samples were run in one assay, eliminating inter-assay variability.
Semen collection and sperm characteristics
The right and left epididymis were squeezed gently to avoid morphological lesions from the caudal part of the epididymis on a pre-warmed slide for evaluation of mass motility at magnification (100×). Three fields were examined by the same person based on mass motility scoring system: Zero: no observed motility; 1: wave absent but sperm movements seen at different areas; 2: slow wave formation, 3: wave formation with good velocity; 4: waves with swirls formation. Twenty µL of collected semen was aspirated and diluted with 2.9% sodium buffered citrate and used for evaluating progressive motility at magnification (400×) of 3 fields by the same person on a scale of 0 to 100%.
Sperm count
Fresh semen samples were used to assess the concentration of sperm (million/mL) using a haemocytometer as described by Bearden and Fuquay (1980) . A small drop was placed on a warm clean glass slide. A cover slip was placed over the semen droplet. The obtained sperm count in 5 squares was multiplied by 10000 to get the number per mL.
Live sperm percent
Live spermatozoa percentage was determined. A semen drop from each animal was mixed with a drop of eosinnigrosin stain. A thin film was spread onto a clean slide. Two hundred sperms were examined per each slide at magnification (400×) according to Bearden and Fuquay (1980) .
Histopathological examination
Shortly after rabbits' euthanasia reproductive organs were weighed, one testis randomly selected, epididymis and prostates from each rabbit were preserved in 10% neutral buffered formalin for at least 24 h. Tissue specimens were dehydrated, cleared, embedded in paraffin, sectioned and stained with haematoxylin and eosin (HE).
Statistical analysis
Data analyses were carried out using SAS (Statistical Analysis System software version 9.1, SAS Institute Inc., Cary, NC, USA). Repeated measures analysis of variance (RM-ANOVA) was used to analyse data with multiple measurements per animal using the MIXED Procedure of SAS with the PDIFF option to compare means. For data that were measured only once, one-way ANOVA (the GLM Procedure, SAS) was performed to detect group differences, followed by Duncan's Multiple Range Test for separate means. Semen data expressed as percentage (progressive motility and live sperm) were arcsine-transformed, and sperm concentration was log10-transformed prior to analysis. Before running the analyses, groups were assessed for homogeneity of variances and normality. Nonparametric Kruskal-Wallis test, followed by Dunn's post-hoc test (NPAR1WAY procedure, SAS), was applied to ordinal data (sperm mass motility score), as well as on variables that did not satisfy the assumptions of ANOVA. Probability values less than or equal to 0.05 were considered significant. Data are expressed as mean±standard error of the mean (SE).
RESULTS
No significant changes (P>0.05) occurred in BW of rabbits treated with DBP, DBP+ginger and ginger all over the experimental period compared to control rabbits ( Figure 1 ) with a mean of 3115±118 g at start and 3118±152 g at the end.
Reproductive organs weight results
A significant decrease (P<0.05) was noticed in testes weights and testes index weights in the DBP-treated group compared to control (Table 1) . Moreover, epididymis and prostate weights and their index weights in all treated groups showed non-significant alterations (P>0.05) when compared to control.
Serum reproductive hormones assays
During the 4 th and 7 th wk of the experiment, the serum testosterone levels exhibited a significant decrease (P<0.05) in the DBP-and DBP+ginger-treated groups. However, a sharp decrease was found in the DBP-treated group (Table 2) . A non-significant difference (P>0.05) in serum levels of both LH and FSH was observed among all treatment groups at the 2 time points of assessment compared to the control group.
Testicular oxidative stress, antioxidant enzymes and testosterone levels
A significant elevation (P<0.05) was recorded in the levels of testicular MDA in DBP-treated group in comparison to control (Table 3) . However, testicular GPx and SOD levels showed non-significant change (P>0.05) in all treatment groups in comparison to control. Moreover, a significant decrease in ITT levels was reported in DBP-and DBP+ginger-treated groups compared to control group, but a noticeable decline also occurred in the former (Table 3) . EffEcts of di (n-butyl) phthalatE and gingEr on malE rabbits World Rabbit Sci. 25: 387-398 391
Semen assessment and sperm qualities
Both mass and progressive sperm motility were significantly decreased (P<0.05) in DBP-treated rabbits compared to controls (Table 4) . Sperm count exhibited a significant reduction (P<0.05) in DBP-treated rabbits and a non-significant difference in DBP+ginger-and ginger-treated groups when compared to control (Table 4) . Likewise, live sperms percentage showed a significant decrease (P<0.05) in DBP-treated group and a non-significant alteration (P>0.05) in the ginger-treated groups in comparison to control (Table 4) .
Histopathological examination
Testis
Testicular sections of control and ginger-treated rabbits showed regular arrangement of the seminiferous tubules with various spermatogenic stages and normal interstitial tissue, including Leydig cells and blood vessels (Figure 2a, 2b) . DBPintoxicated rabbits showed shrunken, degenerated and necrotic hyalinised seminiferous tubules (Figure 3a) . Irregularly shaped and sized seminiferous tubules showed disorganised attenuated spermatogenic cells, reduction in spermatids and sperm production with widening of their lumen (Figure 3b ). Some tubules exhibited desquamation of the necrotic spermatogenic cells with formation of giant cells (Figure 3c ). There were interstitial oedema and Leydig cells hyperplasia (Figure 3d ) at different places. Rabbits from the DBP+ginger-treated group had nearly uniform rounded seminiferous tubules with different spermatogenic stages, including spermatids and spermatozoa (Figure 4a ). However, some tubules had desquamated germinal epithelium with giant cell formation in their lumina (Figure 4b ). Mild congestion and mild interstitial oedema were present. 
Epididymis
Epididymal histoarchitecture of control (Figure 5a , 5e, 5i) and ginger-treated (Figure 5b , 5f, 5j) rabbits was nearly normal and epididymal ductal lumina were packed with sperms. Some of epididymal ductules of the DBPintoxicated rabbits were free of sperms and others contained minimal to moderate compactness of sperms with desquamated germinal cells (Figure 5c , 5g, 5k). Epididymis of the DBP+ginger-treated rabbits exhibited normal histologic structure and normal sperm density (Figure 5d , h, l).
Prostate gland
Prostate gland of the control and the ginger-treated rabbits was histologically normal, with presence of copious amount of glandular secretions (Figure 6a, 6b) . However, prostate of the DBP-intoxicated rabbits showed interstitial congestion and oedema as well as reduction of the glandular secretion (Figure 6c ). Treatment of DBP-intoxicated rabbits with ginger caused dilatation of tubuloalveolar glandular structures with eosinophilic secretions (Figure 6d ).
DISCUSSION
Regardless of the fact that the level of DBP exposure is limited, it is considered that this water and soil toxicant provokes acute and chronic toxicity against various living organisms (Graham, 1973; Mylchreest et al., 2000) . Moreover, excessive exposure to ROS is one of the main reasons of male infertility. Phthalates are one of many damaging factors that affect fertility. Earlier studies indicated that phthalates induced testicular atrophy in laboratory animals (Oishi and Hiraga, 1980) , increased ROS production in the testes of rats and induced spermatocyte apoptosis (Ünal et al., 2016) . The present study demonstrated that all treated groups showed no significant difference in body weights throughout the experimental period. Similar results were documented by Głombik et al., (2014) . However, our study revealed that DBP treatment of rabbits for 7 wk exerted a significant elevation (P<0.05) in the testicular MDA levels. MDA is a final product of lipid peroxidation and a marker of oxidative stress which hinders protein biosynthesis in the cell (Doreswamy et al., 2004) . However, there were non-significant changes in the values of testicular GPx and SOD. This may be explained by using the low toxic dose of the DBP (520 mg/kg BW rabbit). Thus, Nair (2015) reported that rats treated 7 d with DBP at dose 500 mg/kg BW exhibited a non-significant reduction in testicular GPx levels, but it increased significantly at doses of 1000 and 1500 mg/kg BW. The balance between ROS and antioxidant enzymes in the male reproductive system is crucial for sperm health and survival. Hence, ginger was used in this study to evaluate its antioxidative (Khaki et al., 2009; Riaz et al., 2011) and androgenic properties (Kirtikar and Basu, 1991; Riaz et al., 2011) against DBP-induced reproductive toxicity in male rabbits. The DBP+ginger-treated group showed non-significant changes in testicular MDA, GPx and SOD. Our study confirmed that DBP had negative effects on the reproductive organ weights, testes and prostate weights and their index weights, but epididymis weights showed nonsignificant difference compared to control. Treatment with ginger showed non-significant changes on the reproductive organs weights and their index. Regarding sperm characteristics, DBP decreased both mass and progressive sperm motility and live sperm percentage. Cytoplasmic membrane of sperm cells is rich in polyunsaturated fatty acids, which can easily undergo peroxidation by ROS, which lessens their motility and increases mortality. The increase in ROS generation lessens sperm motility by impairing the flagellar axonemal structure and consequently hinders forward progressive sperm motility (EI-Taieb et al., 2009) . These findings were parallel to those described by Farombi et al., (2007) . DBP induced significant reduction in the sperm count of treated rabbits. Ginger treatment ameliorated the semen quality parameters compared to those of the control rabbits. The anti-androgenic effect of phthalates is mainly triggered by interfering testosterone synthesis, in contrast to other anti-androgens which directly react with the androgen receptor (Thompson et al., 2004; Gray et al., 2006) . Moreover, phthalates downregulate the expression of genes required in cholesterol conveyance and testosterone synthesis in male rats (Thompson et al., 2005; Borch et al., 2006) . Parallel to this, our results showed that DBP treatment reduced the serum (Nair et al., 2008; Nair, 2015) and testicular testosterone levels. Non-significant changes in the serum levels of LH and FSH were recorded during the 2 time points of study. This could be attributed to the reduction in testosterone levels and consequently the transient increment in the level of LH through feedback mechanism until LH stimulate Leydig cells to secrete testosterone (Pan et al., 2006) . Moreover, the toxic substances that impair the function of Leydig cells result in a decline in testosterone secretion, and in consequence can disrupt spermatogenesis. Even though testicular testosterone secreted under LH motivation may sustain spermatogenesis, it is well known that the mutual effect of FSH and LH is necessary for maximum spermatogenesis (reviewed in Pan et al., [2006] ). Unlike the previous studies (Kirtikar and Basu, 1991; Riaz et al., 2011) that reported the androgenic properties of ginger, our study revealed that ginger treatment failed to improve the serum and testicular testosterone levels compared to control rabbits. However, no significant alterations were found in the serum levels of both LH and FSH in DBP+ginger-treated rabbits. Histopathological findings in the testis of rabbits treated with DBP consisted of various degenerative changes. Irregular small-sized seminiferous tubules showed disorganised attenuated spermatogenic cells, reduction in spermatids and sperm production and desquamation of the necrotic spermatogenic cells with giant cells formation. Interstitial oedema and Leydig cells hyperplasia were prominent. These findings were comparable to those described by Alam et al., (2010) and Bao et al., (2011) . Nair et al. (2008) and Nair (2015) stated similar histopathological results, although they reported atrophy of Leydig cells. Testicular lesions could be ascribed to the rise in MDA production and the resultant lipid peroxidation with advanced reduction in the various spermatogenic cells, as well as degeneration of Sertoli and Leydig cells. Ginger treatment ameliorated the histopathologic lesions induced by DBP as the seminiferous tubules were uniform, rounded with different spermatogenic stages including spermatids and spermatozoa. However, some tubules had desquamated germinal epithelium along with formation of giant cells in their lumina, with mild interstitial oedema and congestion. The histopathologic alterations of epididymis and prostates of DBP-treated rabbits were of lesser extent than that found in the testis, as testis is the main target organ for DBP reproductive toxicity in rodents; however, treatment of ginger improved these subtle changes. The amelioration in the histoarchitecture of testes, epididymis and prostates was related to the vital role of ginger in controlling ROS produced by DBP. The antioxidant properties of ginger could be attributed to its protecting components, which prevent DNA damage. Consequently, ginger could prevent apoptosis and improve the spermatogenesis and fertility (Zancan et al., 2002; Miciński et al., 2011) . It could be concluded that ginger has a protective effect on DBP-induced reproductive toxicity in male rabbits to a certain extent.
